States, which have the primary legal role in regulating the prescribing and dispensing of prescription medications, have created Prescription Drug Monitoring Programs (PDMP) to try to reduce inappropriate prescribing, dispensing, and related harm. Research assessing whether these interventions are effective has produced inconclusive and contradictory results. Here we examine whether different data sources may have contributed to the varying results. Specifically, we: 1) identify the decisions inherent in creating such a dataset; 2) discuss the public data sources used by researchers in previous work; 3) develop and apply a detailed research protocol to create a novel PDMP law dataset; and 4) to illustrate potential consequences of data choice, apply various data sources to analyze the relationship between PDMP laws and prescribing and dispensing of opioids among disabled Medicare beneficiaries. We find that our dates differ from those in existing datasets, sometimes by many years. The regression analyses generated a twofold difference in point estimates, as well as different signed estimates, depending on the data used. We conclude that the lack of transparency about data assembly in existing datasets, differences among dates by source, and the regression results raise concerns for PDMP researchers and policymakers.
INTRODUCTION
Despite widespread attention in the media, by policy makers, and by states, the burden of opioid-related harm in the United States continues to increase. Drug overdose, which cut short the lives of more than 63,000 Americans in 2016, is now the leading cause of death for Americans under age 50 and is the leading overall cause of accidental death, surpassing deaths from traffic accidents (Centers for Disease Control, 2017) . The majority of these deaths, over 42,000, involved opioids (Hedegaard and Minino, 2017) . Although the causes of the crisis are varied and complex, it is clear that opioid prescribing, which increased by over 300% from 1999 to 2015, contributed to this seemingly inexorable rise in preventable morbidity and mortality (Guy et al 2017; Kunins 2013, Case and Deaton 2015) . States, which have the primary legal role in regulating the prescribing and dispensing of prescription drugs, have taken the lead in attempting to reduce opioid-related harm. They have done so, in part, by creating Prescription Drug Monitoring Programs (PDMPs), databases that collect information on certain medications at the point of dispensing, and in most cases make those data available to authorized users (Davis et al 2014) .
Over the past several years, researchers have been doing the critical work of assessing whether these laws and the PDMPs they create have been effective at reducing inappropriate prescribing, dispensing, and opioid-related health harms. To date, the results of these studies have been inconclusive and sometimes contradictory (Davis et al 2017) . There are a number of potential reasons for these disparate findings, including that the studies measure somewhat different outcomes and different populations and they often account only for a limited range of policies (mainly PDMP implementation) when states implemented varied packages of laws around the same time. Regardless, recent Federal legislation meant to combat the opioid crisis, such as the Comprehensive Addiction and Recovery Act of 2016 and the 21 st Century Cures Act, all include some funds targeting PDMPs. States will continue to seek best practice around PDMPs as they spend scarce resources on their programs.
Here we consider another explanation for the disparate findings among these studies. In the vast majority of published PDMP studies, the researchers did not independently search for, analyze, and code the relevant laws. Rather, they relied upon third-party information downloaded from the websites of one or more organizations, sometimes coupled with ad-hoc outreach to relevant states. The information gathered typically includes information such as the date each state's PDMP law was enacted and the date the PDMP became operational. However, the dates reported by these public databases often differ, meaning that, at a minimum, results from a study that relies on one data source may not be comparable to those from a study that used another.
Moreover, the source of the data published in the public databases themselves is often a black box: None of the websites most commonly used in studies of PDMP effectiveness --such as those maintained by the National Alliance for Model State Drug Laws (NAMSDL) and The Prescription Drug Abuse Policy System (PDAPS) --provide publicly available detailed information as to how the dates were determined. The dates used may be underspecified, inconsistent, and potentially inaccurate measures of the relevant state laws, likely to yield conflicting or unreliable results. This paper aims to illustrate the problem, and begin to remedy it by identifying the parameters researchers must address when identifying the dates when states enacted laws authorizing PDMPs as well as when those programs became operational, and publishing a research protocol and sample database of relevant dates assembled by trained legal researchers applying that protocol.
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It is foreseeable that researchers will rely on publicly available databases as sources for dates in PDMP studies, particularly when researchers before them have done so. Indeed, using third party sources can be useful in protecting against unconscious researcher bias. However, the websites relied on in the large and growing body of PDMP research typically do not provide information on the definitions of "PDMP program" or other relevant measures, nor do they explain the procedures by which start dates were determined. Therefore, the studies that rely on the data in these public databases also lack such information. In addition, papers that utilize more than one public source of legal information frequently fail to explain how conflicts across data sources were resolved.
The process of constructing a database of laws intended to reduce opioid-related harm such as PDMP laws is complex. In fact, an entire burgeoning field -that of legal epidemiologyis devoted to the appropriate use of law for research purposes (Ramanathan et al. 2017 ). In the case of PDMPs, identifying the date that a law was "enacted," what would seem to be a straightforward concept, can be difficult. It is even less clear at what point a PDMP became "operational" since these databases often phased in voluntary reporting of data, required reporting of data, and different authorized users gained access to PDMPs at different times.
There are also differences in such foundational questions as what constitutes a PDMP at all.
Here we consider how differences in the data sources used in existing PDMP research may have led to varying conclusions regarding important opioid-related outcomes. More specifically, we do four things: 1) identify the decisions a researcher must make to decide which dates to use in a PDMP study; 2) discuss the major public data sources used by researchers studying PDMPs, and, to the limited extent such information is available, summarize the methodology used to construct them; 3) develop a detailed research protocol (Table 1) and apply it to create a new dataset of dates at which PDMP laws were enacted and became operational (Table 2) ; and 4) as an illustration of the consequences of data choice, alternatively use the various dates identified in Tables 1 and 2 in an analysis of the relationship between PDMP laws and opioid prescription and dispensing patterns of opioids among disabled Medicare beneficiaries using the sample from our previous work in Meara, et al., 2016 extended by two years to 2014. Throughout we use the term law to include statutes, regulations, and associated legal material.
We draw several conclusions from our research. First, even experienced legal researchers have difficulty creating consistent and reliable measures of PDMP law enactment and operation dates. The complexity of the endeavor can be easily observed in our lengthy research protocol (Table 1) . Second, our dates differ a great deal from many of the publicly available dates, sometimes by many years. Third, our tests of the data through regression analyses generated a twofold difference in point estimates, as well as different signed estimates, depending on the data set used. However, as with many other studies, our analyses are identified by the small number of states that adopted laws during the study period. Not surprisingly, therefore, despite large differences in the dates and in the point estimates across identical regressions, the standard errors on our estimates are quite large. We were also unable to reject the null hypotheses that the results were the same across the data in our limited test.
Nonetheless, the lack of transparency about the methods by which data are assembled, the differences among dates depending on the source of the data, and the large differences in the point estimates raise serious for researchers and policymakers. At a minimum, more transparency in the source of data and the protocol by which they were assembled is required.
II. DEVELOPING A LEGAL DATABASE: KEY DECISIONS

a. What is a PDMP?
Assembling even the most basic PDMP legal database requires making important decisions. First, the researcher needs to answer a misleadingly simple question -What is a PDMP? Do the "multiple copy prescription programs" that existed in approximately nine states prior to 1992 (OIG 1992) where, typically, prescribers kept one copy of a prescription, pharmacists kept another and sent a third to a state agency, qualify as a PDMP? Although these programs did not have the capabilities of a modern, electronic system, one might believe that the existence of an early triplicate program represented state attention to pharmaceutical misuse (and therefore, shape the behavior of prescribers, dispensers, and patients), a problem in the state with opioid use, or both. Indeed, some states with early programs had much slower growth in the use of opioids compared with states creating programs after 2000. In fact, there is evidence that at least some of them did affect prescribing decisions, leading to reductions in the prescription of some controlled substances. (Sigler, et al., 1984; Weintraub, Singh, Byrne, Maharaj & Guttmacher, 1991; Hartzema, et al., 1992; Simoni-Wastila, et al., 2004.) On the other hand, it may not make sense to treat such a program -like the one started in the 1970s in New York or in the 1930s in California -the same way as modern prescription tracking systems, as publicly available datasets often do. Perhaps the most potentially important of these differences is that, although some of these states generated periodic reports based on multiple copy prescription program data, none provided data to clinicians upon request. Where data was accessible to outside entities, those entities were limited to authorized law enforcement and regulatory agencies (OIG, 1992 at 10).
If the researcher decides to define a PDMP as a modern electronic system, she must identify which criteria qualify a system as "modern" and "electronic." Many early electronic 8
PDMPs required data to be sent only infrequently, such as monthly, and using methods that are now outdated (e.g., mailed via media such as "computer diskette, or magnetic tape."
Massachusetts 2004) Are such programs similar enough to a modern PDMP that they should be counted? Or should the relevant factor be not the way data are submitted, but rather how they are accessed? If one of the main goals of a PDMP is to improve clinician decision-making, perhaps they should be counted only if and when they provide web-based access to prescribers or dispensers? Again, there is not necessarily one right answer to these questions, but it is important that they be considered.
b. Enactment date
Another related and perhaps equally important decision involves how to define the enactment date to use. Using the earliest date at which any state law authorized a PDMP (however defined) may be a reasonable choice if the researcher thinks that a benefit of the database is in its signaling potential. But someone trained in legal research can find multiple dates at which government acted or law became effective, most of which are available using proprietary legal databases. For example, one can find the dates at which: (1) a bill authorizing a PDMP was voted on by the state legislature; (2) where necessary, the governor signed the bill into law; (3) a statute became effective by operation of law; and (4) the PDMP may or must be implemented. In some states that last date passes with no evidence that a PDMP has been established.
In choosing the dates to list in the enactment database for this paper, three of us (all lawyers with decades of legal research experience and many years of experience researching controlled substance-related laws specifically) spent many hours considering which of these dates to use. This is not a trivial decision, as these dates can sometimes differ by years and even 9 shorter discrepancies frequently lead to a difference in the quarter that a law will be counted as "enacted" in a research project based on quarterly outcome data. In this case, the official effective date of the law, which we use, is July 27, 2011. We are not claiming that our approach is necessarily better, but rather noting that these decisions -decisions which are often entirely opaque -are important. When one is identifying the effectiveness of laws by the quarter, even the difference between March and July in the same year matters.
c. Operational Date
In nearly all states the enactment dates do not correspond to the date the PDMP began operations because the operation of the PDMP is dependent on funding being separately authorized, regulations being issued, or other reasons. Therefore, the researcher may wish, instead, to use the date the PDMP became "operational." Contrary to our expectations beginning this research, we found it easier to apply consistent rules in assembling the database of operational dates. Nonetheless, it was still difficult to define "operational." Does "operational" mean the date that the PDMP began gathering information? The date it began requiring physicians or pharmacists to report data? The date it began gathering information via a particular mechanism (such as via the internet)? The date it began making data readily available to certain users, such as law enforcement agencies or clinicians? As with the definition of what makes a PDMP and when the relevant legislation is enacted, there is not necessarily one right answer to this question, but the choice made matters.
Sometimes answers to these questions are in statutes, sometimes in related regulations, and sometimes in the "frequently asked questions" sections of online PDMP guides or other sources. Even if a skilled researcher has the expertise to interpret laws and access to all of the sources necessary to do so, to complete even the simplest databases often requires contacting state officials and finding the people who remember the history of their PDMP implementation.
Following the protocol discussed in Table 1 , that is what we have done in assembling our database of PDMP operational dates, which we define as the date the end user became able to access PDMP data.
III. PDMP ESTABLISHMENT/ENACTMENT AND OPERATIONAL DATES
a. Public Sources
Three publicly available sources have been used in PDMP studies. Here we discuss each of them in turn. In addition, we have provided a Table with dates that each database reports for PDMP statute enactment and operational dates, including the date at which a data collection began. See Table 3 .
i. The National Alliance for Model State Drug Laws (NAMSDL)
NAMSDL is a nonprofit organization partially funded by the United States Department of Justice that provides information to states on drug policies and law. NAMSDL is mentioned as a data source in many papers regarding PDMPs. See, e.g., Bao et al. (2016) , Deyo et al. 2013 , Morgan, et al. (2012 , Nam et al. (2017) 
ii. The Prescription Drug Abuse Policy System (PDAPS)
PDAPS is a project developed by a for-profit organization, Legal Science, LLC, in In most but not all cases the dates on this webpage coincide with the dates listed on the Brandeis TTAC website. We therefore also used a separate source of data from the PDAPS website. In addition to the data from Brandeis, PDAPS conducted its own, independent review of PDMP laws. We utilized two questions from this dataset, both of which roughly correspond to our questions of interest: Question 1, "Does this state have laws authorizing access by a professional to a PDMP system?" and Question 2: "Does this state have a law requiring dispensers to report data to the PDMP?"
iii. The Prescription Drug Monitoring Program Training and Technical Assistance Center (TTAC)
The Brandeis University TTAC "provides a comprehensive array of services, support, resources, and strategies to PDMPs, federal partners and other stakeholders to further the efforts and effectiveness of PDMPs in combating the misuse, abuse and diversion of prescription drugs"
(PDMP Assist, last checked June 7, 2018). The TTAC is mentioned as a data source in many papers regarding PDMPs including Buchmueller and Carey (2018) , Nam et al (2017) , Powell et al, (2016) , and Patrick (2016).
The TTAC "web site is funded through a grant from the Bureau of Justice Assistance,
Office of Justice Programs, U.S. Department of Justice." The website includes a table that lists the "Year PMP Legislation enacted" and "Year PMP Became Operational." We were unable to find anything on the site regarding the source of the primary information or the research methods 13 used to collect it. Although many scholars cite the TTAC as the source of their data, no months are reported that would allow a scholar to analyze data at a more precise time period than the annual level (ttp://www.pdmpassist.org/content/pdmp-legislation-operational-dates ). In addition, PDAPS states that it relies on TTAC data. Therefore, although a few of the dates in the PDAPS and TTAC sites differ, we rely on PDAPS to represent the TTAC data and do not examine them separately.
b. Original Databases
We constructed an original database of dates representing the month and year of PDMP Enactment and Operation (See Table 2 ). We initially set out to define two sets of dates to correspond with the dates available in the NAMSDL and PDAPS data, one based on enactment of the legislation and another based on first operation of the PDMP. Because we could not apply these broad definitions consistently across states, we report four sets of dates described below and in Tables 1 and 2 .
First, a lawyer-librarian or a law student researcher supervised by a lawyer-librarian established a date for each state applying the research protocol in Table 1 . Second, the four authors who are legal researchers on this project discussed each date and the supporting evidence. In many cases, we required additional research, including phone calls to state authorities, to establish a final date. This process took place during frequent meetings from January through May 2018. A detailed report documenting all sources supporting our original database is on file with the authors.
In summary, we define the main enactment date -Enactment/Legislated Start Date Any PDMP --as the month and year in which a PDMP statute stated that dispensers or prescribers would be first required to either a) send, via mail or fax, physical copies of written or filled prescriptions to a central database or b) send, via electronic methods, data regarding written or dispensed prescriptions to a central database, whichever was earlier. (Table 1, Table 2 Column 1). This definition includes the older "triplicate" form systems. Because outcome data typically only spans a decade or two at the most, unless it was straightforward to identify a start date that occurred before January 1, 1990, we report the date as pre-1990.
As explained in Table 1 , for the paper-based programs we used the month and year that the state first required that physical copies of prescriptions be sent to the relevant agency or board in Table 2 , Column 1. For programs that began as electronic systems we used the month and year at which the relevant law that authorized the database stated that the PDMP must begin operation. Therefore, if a statute was passed by the legislature and signed by a governor in June 2004 but the language of the statute required that the program begin by January 2005, we use the latter date.
We made the decision to use this later date, where relevant, rather than the date of statutory enactment because we were mainly interested in when a provider would reasonably understand the law to have practical effect. Indeed, in some cases, the statutes used authorizing or aspirational language, stating that a state may or should if possible create a PDMP, language that a provider would be unlikely to understand as binding. Second, the definition of enactment date of statutes is difficult to identify because it differs by state. In some states, it is reasonable to count the date at which a statute is passed by the legislature. In other states, one would use the date the governor signed the bill. In still others, there are rules that a signed bill does not become a law for a specified number of months. These and other differences make identifying a consistent enactment date across states quite difficult. Others may make a different judgment, perhaps believing that press coverage of a legislature passing a bill regardless of content would have a signaling effect that could change provider behavior.
We include a second measure of enacted/legislated start dates for the eleven states with statutes that indicated that the program start was contingent on receiving funding (Table 1, Column 2). For those states, Column 1 includes the date at which that funding became available.
We made this choice because, for these states, the authorizing statute is more aspirational than operative. No action could happen unless and until funds became available. Because neither approach -using the date the act was passed or the approach we use --is entirely satisfactory, we include an additional column called Enactment/Legislated Start Date, Contingent on Funding. We include a third measure of Enactment/Legislated Start Date to allow researchers to have a complete set of statutory dates for only modern electronic programs. Because the older paper programs and modern electronic programs differ a great deal, we provide an additional column -Enactment/Legislated Start Date: Electronic --for those states that had paper programs and later transitioned to electronic programs. The date on which those transitions occurred are displayed in Table 2 , Column 3.
Finally, we include a measure of the operational date of a PDMP which reflects the month and year at which PDMP data became accessible to any party authorized to access it (e.g., physician or pharmacist) ( Table 2 , Column 4). Different programs allowed or required access to physicians, pharmacists, members of law enforcement, or others. Therefore, the database may represent the date at which, for example, physicians in some states or pharmacists in another were granted access.
Some states operated pilot programs, allowing access to a small number of end users; we report the date at which the full program became operational and not the earlier date at which the pilot program began. We count a program as operational if the end user can access a database directly through a computer, rather than through a phone call or fax.
IV. METHODS FOR EMPIRICAL ANALYSES
A. Data and Empirical Approach
In addition to producing novel, transparent, and reproducible enactment and operational dates, we test whether using different dates yields different results when measuring the effectiveness of PDMPs on opioid-related outcomes. More specifically, we examine the relationship between these different representations of whether and when a PDMP law was enacted or a PDMP implemented and opioid outcomes among disabled Medicare beneficiaries.
Using the same sample as in Meara et al., 2016 Meara et al., covering 2006 Meara et al., -2012 We excluded patients with cancer diagnoses, with end-stage renal disease, or who were receiving hospice care to remove those likely to receive opioids for palliative care.
Some of the publicly available datasets were missing data for some states. In our main specifications we deleted those states from our analyses to make the results comparable and so we could perform additional statistical tests across the models, leaving us with 34 states. In total we observe over 6.1 million patient years. However, in sensitivity testing we performed the same analyses applying our original data (Table 1) to all forty-nine states with a PDMP (excluding Missouri, which did not enact a PDMP law until 2017).
We estimate the following Ordinary Least Squares regressions:
Opioid Measureit = βo + β1PDMPit + β2Yeart + β3Stateit+ β4Xit
where the "Opioid Measure" for individual i in year t is alternatively one of two outcomes. First we test the milligrams of morphine equivalents (MME) annually dispensed to a In these models, the coefficient of interest is β1, which describes the effect of having a PDMP in a given state in a given year on our outcomes. To estimate β1, we use the various measures of the date at which a state enacted a PDMP law or began operating a PDMP (see Tables 1 and 2 ). The PDMP variable took on values of 0 in years before it was, depending on the database used, enacted, operational, or accessible to users, values of 1 for each full year it was in place, and the share of months the PDMP was enacted, operational, or accessible for any partial year. A PDMP enacted any time in July of 2007, for example, would have a value of .5 for 2007 and 1 thereafter. Where a database did not list a month, we coded the law as in place for 0.5 years for the first year of enactment, operation, or access.
V. RESULTS
a. Database Results
As can be seen by comparing Table 1 (reporting the start dates we assembled applying the protocol in Table 1 ) and Table 3 (reporting the start dates from publicly available databases),
there are large differences between our dates and publicly available dates. In many cases, expertise interpreting statutes is required. For example, a few statutes, such as those in Arizona and Nebraska, were enacted in jurisdictions in which the official enactment date is a specified number of months after the legislature passes a bill or a governor signs it. In addition, decisions of whether to round to a previous or next month or year when a day is provided as part of a date can have large effects on estimates, particularly when research is organized at the quarterly level and a limited number of years are used in samples. In some cases, the publicly available data do not provide a month or any date at all. Sometimes, as is the case of some of NAMSDL's measures for Idaho, only a season is listed. In our empirical tests, because the dates came before the study period, this had no effect, but it may well matter for other analyses.
Although it can be hard to trace details, it is often important to do so. For example, many statutes declare that a PDMP will be implemented contingent on funding. Sometimes funding was contemporaneous with the statute enactment. But, as can be seen in Table 1 , Column 3, in many states that funding came later. In Washington, for example, the funding arrived four years later. It may be more appropriate, therefore, to use the date funding was appropriated in this and similar cases. Moreover, a researcher who lists a date from a third-party source, without reading the statute, would miss the fact that the statute itself does not give a start date at all; in fact, news coverage shows the program was abandoned fully in 2008 due to budgetary issues and did not launch until 2012, an important fact that would be missed. (Ho, 2008; Harshman, 2011; Farley, 2011) In addition, dates among publicly available databases also differ a great deal. their analyses by coding it as having started before the study period.
b. Quantitative Results
As in Meara et al. (2016) , in which we tested the relationship between various opioid regulations and outcomes among the Medicare disabled population, we find no statistically significant relationship between the enactment of a PDMP statute, operation of a PDMP program, or first date of user access to an electronic PDMP and the annual MME dispensed to disabled Medicare beneficiary between 2006 and 2014. (Table 4) . However, what is of interest for this analysis is the very large differences in the point estimates when data from the different databases are used.
The mean annual MME dispensed in a year in our population ranges from 5,290 in 2006 to a peak of 6,839 in 2010. In regression results, three of the four of the associations between enactment of a PDMP and average annual MME dispensed per beneficiary are positive. Using our own dates for enactment/legislated start date (Table 2 , Column 1), the coefficient on the PDMP is only about one third (93.23 mgs morphine equivalent per year per beneficiary, Table 4 , Column 1) of the same coefficient using dates provided by the publicly available data. Using
PDAPs dates for enabling legislation (Table 3 , Column 1), we find an increase of 274.6 MME per year (Table 4 , Column 3). Using NAMSDL's dates for enactment of legislation (Table 3, Column 4), we find an increase of 269.0 MME per year (Table 3 , Column 4).
These results are highly dependent on the type of system to be enacted, paper or electronic. Using an alternative measure of enactment/legislated start date, one that restricts enactment dates to modern electronic system ( Table 2 , combining Columns 1 and 3), we find a decline in annual morphine equivalents dispensed of 71.52 MME associated with the variable (Table 4 , Column 2).
Large differences in the estimates can also be seen when applying different sources representing operational dates. Using our dates representing when a PDMP became operational in terms of the end user being granted access to the database (Table 2 , Column 4), we find an effect of negative 69.77 MME annually (Table 4 , Column 7) whereas the other databases identify much smaller magnitudes. For example, PDAPS' dates for when a PDMP became operational (Table 3 , Column 2) show an associated 13.24 mg decline ( (Table 4 , Columns 6 and 9).
We also test the relationship between different PDMP start dates and the probability that a beneficiary received opioids from five or more unique pharmacies in a year. Unlike the estimates for mean MME dispensed, many of these results are statistically significant.
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Nonetheless, of primary interest to this analysis is the very large differences, both in magnitude and sign, of the point estimates.
The mean probability that a beneficiary obtained opioids at five or more pharmacies in a year from 2006-2014 is 1.7 percent. In regression results, most associations between enactment of a PDMP and this measure of a high number of pharmacies are positive and statistically significant. Using our own dates for enactment/legislated start date ( Table 2 , Column 1), the coefficient on enactment of a PDMP is just over a quarter of the same coefficients using similar measures of enactment dates provided by the publicly available data. We find a 0.06 percentage point increase in the probability a beneficiary received prescriptions from five or more pharmacies ( Table 5 , Column 1), whereas using PDAPS' dates for enabling legislation (Table 3, Column 1), we find an increase of 0.211 percentage points (Table 5 column 3) and using NAMSDL's dates for enactment of legislation (Table 3 , Column 4) we find an increase of 0.209 percentage point (Table 5 , Column 4). These numbers represent increases of 3. 5, 12.4, and 12.3 percent in the probability of dispenses at five or more pharmacies.
However, like the results for annual MME dispensed, the estimated effect of PDMPs on filling opioid prescriptions at multiple pharmacies are highly dependent on the definition of PDMP date applied. Using our second measure of enactment, one that restricts enactment dates to modern electronic system (Table 2 , Columns 1 and 3), we find a statistically significant decline of 0.062 percentage points (Table 5 , Column 2) in the probability of dispenses at five or more pharmacies, which represents a 3.6 percent decline associated with the intervention.
Large differences in the estimates also can be seen when applying different sources representing operational dates. Using our dates representing when a PDMP became operational in terms of the end user being granted access to the database (Table 2 , Column 4), we find a statistically significant decline of .068 percentage points (Table 5 , Column 7) in the probability of dispenses at five or more pharmacies, whereas the other databases identify much smaller declines or increases, none of which are statistically significant. For example, PDAPS' dates for when a PDMP became operational (Table 3 , Column 2) show an associated 0.012 percentage point increase (Table 5 , Column 5) and for user access (Table 3 , Column 3) show an associated 0.029 percentage point decrease ( Table 5 , Column 8) in five or more pharmacies. Similar measures using NAMSDL's dates (Table 3 , Columns 5 and 6) show a 0.0004 percentage point increase and a .03 percentage point decrease respectively (Table 5 , Columns 6 and 9).
VI. DISCUSSION AND CONCLUSION
Across multiple analyses, different sources of data and different definitions of start dates yield very different results -sometimes by an order of magnitude. We suspect that some of the differences among varying conclusions regarding whether PDMPs are effective can be explained by the fact that different researchers have used different data sources. The large differences in the point estimates seen in Tables 4 and 5 lend support to this view. Our results were based on a sample including a limited number of years and, therefore, effects were identified upon a limited number of states. Other studies will not be based on this same sample, and the results could well be quite different. We repeated the models above on a sample of 49 states, excluding Missouri which did not yet have a PDMP by the end of 2015.
The specific estimates reported here are merely illustrative. We hope to draw more general lessons. First, when state policy interventions such as the implementations of PDMPs contain many facets or combinations of individual strategies, all of which evolve over time, it can be difficult for researchers to create measures of the interventions even within a single state.
Creating such measures for fifty states over time raises an enormous challenge. Blank (2002) discussed similar difficulties in disentangling state approaches to welfare reform in the 1990s, and the way these problems played out in evaluating welfare reform.
Second, and likely our most important conclusion, is that in attempting to evaluate the effects of legal policy, researchers must understand both how interventions work on the ground and how they are represented in legal sources. They must have the expertise to read and interpret laws accurately. To that end, we have presented a model of a research protocol that accounts for some differences in types of PDMPs and applied it to generate a database of various enactment and operational dates.
Other researchers may reasonably make different choices than we did when deciding how to code a state law or whether and how to use third party sources. That is to be expected. In all cases, the desire to draw upon a seemingly objective source of legal dates must be weighed against the appropriateness of a data source for the research question at hand. Nonetheless, it is important to allow those who use research, including policymakers who base decisions on research, to evaluate those choices. It is challenging to do so when researchers rely on sources that do not make their research protocols available or do not report their own research methods.
Although there is no one correct approach to measuring PDMP laws, regardless of the study design, protocols need to be implemented consistently and transparently. Researchers should acknowledge the limitations of any given decision. Overstating the benefits of an ineffective program wastes scarce resources, while understating its benefits will slow action to expand a successful effort. Given the stakes for so many lives, it is critical that this body of research is based on transparent methods. As described in the text, we set out to define two sets of dates to correspond with the publicly available dates -one based on enactment of the legislation and another based on when the PDMP became operational. Because we could not apply these broad definitions consistently across states, we report four sets of dates. The first three are related to the enactment/legislated start date of the statute authorizing or requiring a PDMP. The fourth date reports when a modern, electronic system became operational in terms of allowing an intended user to access the system.
I.
Enactment/Legislated Start Dates - Table 2 , Columns 1 through 3.
A. Table 2 , Column 1, Enactment Date/Legislated Start Date --Any PDMP. This column contains the month and year that the legislation states dispensers or prescribers would be first required to either a) send, via mail or fax, physical copies of written or filled prescriptions to a central database or b) send, via electronic methods, data regarding written or dispensed prescriptions to a central database.
A small number of states required copies of paper prescriptions to be sent to a central repository. For these states, we note the month and year that these statutes required copies of paper prescriptions to be sent in Table 2 , Column 1. (NB: some states had required prescribers or dispensers to keep records of prescriptions but not send them to a central repository -we do not code those states as having a PDMP).
For all other states, this column contains the month and year that a statute or regulation that authorized an electronic database to which information on dispensed prescriptions is required to be reported went into effect, subject to the following caveats:
1.
If the statute is clear that the PDMP would not be required to exist until a date after the effective date of the statute, we note the date by which the PDMP is required to exist, not the effective date of the statute.
2.
If the statute authorizes the PDMP contingent upon receipt of sufficient funding, we include the date that we find evidence that such funding was obtained by reaching outside the statute using the same protocol we used for determining the operational date as described below.
B.
Table 2, Column 2, Enactment/Legislated Start Date -Contingent on Funding. For the eleven states in which the statute makes PDMP operation contingent on funding, we include the date at which the statute authorizing the development of a PDMP contingent on funding was enacted. This date is typically, although not always, earlier than the date the funding is received. We report this date because researchers may believe that the existence of a statute, even one that it inoperative, may influence provider behavior and because it may be useful in analyzing that question or in sensitivity analyses.
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C. Table 2 , Column 3, Enactment/Legislated Start Date Electronic. For the twelve states, including some very large states, that had a paper-based system before they implemented an electronic system, we include an additional column listing the month and year that the state enacted (according to the definition above), a modern, electronic PDMP.
II.
Modern System Operational Date: These dates are meant to represent the month and year that PDMP data became accessible to any user (e.g., physician, pharmacist, or member of law enforcement) authorized by state law to receive it. Many programs began requiring reporting before they began permitting or requiring prescribers, pharmacists, or others to query the database. In these cases, we report the latter date, the date at which the database became operational from the perspective of the end user. In addition, some states operated pilot programs, allowing access to a small number of end users; we report the date at which the full program became operational and not the earlier date at which the pilot program began. We count a program as operational if the end user can access a database directly, rather than through a phone call or fax because the latter are unlikely to allow the physician to access patient histories. We determined this date from the following sources: a. State Statutes. Some statutes state a date by which the PDMP must be accessible to users. We used these dates as a starting point for our research, and confirmed these dates with or updated them from the additional sources listed in b-d below. reports, we make phone calls to the governing agency. Cohorts by year included beneficiaries 21-64 years of age who were enrolled in fee-for-service Medicare Pars A, B, and D (inpatient, outpatient, and prescriptions benefits) and were alive throughout the calendar year. They exclude patients with cancer diagnoses, end stage renal disease, or who were receiving hospice care. We further restrict sample to 34 U.S. states with information from all three legal sources on enactment and operational dates (Table 3) . Opioid receipt is measured by Medicare prescription fills converted to morphine equivalents as in Meara et al. 2016 , and summed into an annual measure of milligrams morphine equivalent for each person-year. Models also included indicator variables for each year, 2007 through 2014, age (30-39, 40-49, 50-59, 60-64) with 21-29 as reference. The standard errors shown are adjusted for correlation within states using Huber White Sandwich estimators.*** p<0.01, ** p<0.05, * p<0.1. See Tables 1 and 2 for an explanation of column headings. Cohorts by year included beneficiaries 21-64 years of age who were enrolled in fee-for-service Medicare Pars A, B, and D (inpatient, outpatient, and prescriptions benefits) and were alive throughout the calendar year. We further restrict sample to 34 U.S. states with information from all three legal sources on enactment and operational dates (Table 1) . Opioid receipt from more than 4 pharmacies is measured by Medicare payments for prescriptions filled in more than 4 pharmacies in a calendar year. Models also included indicator variables for each year, 2007 through 2014, age (30-39, 40-49, 50-59, 60-64) with 21-29 as reference. The standard errors shown are adjusted for correlation within states using Huber White Sandwich estimators. *** p<0.01, ** p<0.05, * p<0.1. See Tables 1 and 2 for an explanation of column headings.
